Objectives: To analyze the response patterns and trends of 68 surveys of successive NIH consensus panels' views on the NIH consensus process. Methods: Each panel's responses were compared to an "average" panel's responses calculated by determining the mean response for each survey question across panels.
the audience ask questions of the speakers and panelists and, on occasion, present evidence and perspectives of their own. Many members of the audience are healthcare practitioners who register for, and receive, continuing education (CE) credit for their participation.
Each CDC is cosponsored by the Office of Medical Applications of Research (OMAR) and usually by one or more of the component institutes and centers of the NIH (e.g., the National Cancer Institute or the National Institute of Diabetes, Digestive, and Kidney Diseases). Some conferences are cosponsored by other agencies and organizations. OMAR oversees the planning and management of each conference, disseminates the resulting consensus statement, and monitors the process and impact of the overall consensus development program. Studies of the impact of specific conferences are occasionally planned and conducted in collaboration with cosponsoring institutes. The success of the CDP depends in large part on the reputation of the NIH and acceptance of the consensus development process and consensus statements by the community of practitioners.
For early feedback on the conduct of each conference, OMAR routinely monitors the views of panelists and of CE audience participants through the administration of two questionnaires. The questionnaires have been in routine use following a 1982 program evaluation (36) in which they were used as a research tool. (For additional early feedback, OMAR utilizes a news clipping service to monitor newspaper reports about the conference and its findings. Also, the frequency of telephone and mail requests for-and Internet online accesses to-copies of the consensus statements are monitored monthly.) Summaries of data from the questionnaires provide immediate feedback to the NIH staff who plan and conduct each conference about how the recent conference compares with many past conferences, and they alert the staff to possible problems that might not otherwise have been apparent.
Long-term comparisons of many successive conferences permit observations of possible negative or positive trends, and may lead to process, procedural, or possibly policy improvements. This paper is an analysis of the CDC panelists' responses. In short, this paper describes the process we employ to review our process.
METHODS
Questions addressed to the panelists cover procedural issues (e.g., usefulness of prepared background materials, adequacy of working time, helpfulness of staff, panel cooperation) and substantive issues (e.g., panel composition, quality of speaker presentations, qualities of the draft consensus statement, and potential impact of the conference). Panelists are asked to respond to about 48 structured and open-ended questions. Wording and formatting of the questionnaires have been modified slightly over the decade under study, and new questions have occasionally been added. Typically, 11 or 12 panelists (about 78%) respond to OMAR's request for feedback with questionnaires completed in the weeks following the close of the CDC.
The topics of the 69 CDCs held at the NIH since December 1983 and the numbers of responding panelists are presented in Table 1 . The number of respondents to individual questions is usually slightly fewer, since some questions may have been skipped by a respondent. Questionnaire data are not available for the first 39 conferences or for the 1985 conference on adjuvant chemotherapy for breast cancer.
The responses analyzed in this paper were for the most part structured, five-point ordinal Likert scales. For example: "To what extent were the consensus conference questions relevant to the major issues?" The five-point scale consisted of: 1 = none or not all; 2 = very little; 3 = average; 4 = considerably; and 5 = completely.
The individual questions are paraphrased and listed in the figures in the following sections. Tallies of the frequencies of each response to each question by individual panels were examined and, with few exceptions, found to be monomodal. Mean values of the ordinal responses were calculated to simplify analysis of the response pattern. Thirty-seven questions were construed in the above format. One additional question is related to the duration of the executive writing session that frequently extends well past midnight of the second day. This question "Do you feel the length of time devoted to the Tuesday afternoon/evening session was: a) much to long? b) somewhat too long? c) about the required amount of time to get the task done? d) not long enough?" Since the answer alternatives do not compose a clear ordinal scale, the responses were analyzed separately. Ten other questions either invited open comments or were not posed in a consistent manner in all panel questionnaires; they are not analyzed in this report.
All CDCs are unique, both in their topics and the array of their participants, but the concept of a "typical conference" serves as a basis of comparison among individual conferences. To serve as a comparative baseline, the average of the mean response across the first 51 CDCs with complete enough data through 1995 was calculated for each of the 37 questions asked of panelists. (Several conferences after 1995 were analyzed but not used to recalculate the baseline since this did not change the rankings.) Standard deviations were also calculated to describe the variability among the conference means for each question. A graphical profile of the typical conference, displaying the 37 mean-of-means and an error bar of plus and minus one standard deviation was constructed. Then a graphical profile of the typical conference was constructed over the profile of one individual conference. It was generally observed that for most conferences, the two profiles parallel each other quite closely.
We were interested in observing the exceptional qualities of each CDC. The difference between an individual CDC and the typical conference is accentuated in another type of graphical display that we routinely generate for every new conference. It is constructed by first subtracting, for each question, the mean value for the one CDC from the score representing the "typical CDC" (the mean of the means). This difference is then expressed in standard units by dividing it by the standard deviation of the 51 mean values from all baseline CDCs. An example of the resulting profile is displayed in Figure 1 , the second graph, for a conference that was very close to the typical CDC. Each row presents a paraphrase of one question. The short bars indicate an average response for that question, that is, a mean response that is not very different from the responses received by the typical conference. A long bar to the right (positive) side indicates that the subject of the question in this particular CDC was more highly regarded by its panel than is typical. A long bar to the left (negative) side suggests the attribute measured by the question was not as good as is typical.
RESULTS
There are several different patterns seen in the profiles for various conferences. Since some questions measure essentially the same class of attributes, their standard scores are usually correlated; thus, some groups of questions will have bars all to the right or all to the left. Some conferences have strongly positive values for almost all questions, implying a very favorable impression of the conference and the conference process by the panel members; some are nearly all negative; some are neutral or mostly neutral with an occasional exception for a particular question. Figure 1 presents four examples from the 68 conference profiles. These examples span the entire range from one where a majority of the questions are answered negatively (bars to the left, the first graph in Figure 1 ) to one where the majority are positive (bars to the right, the last graph in Figure 1 ). Some possible explanations of the panels' views of these "good" and "bad" conferences are offered below.
The first of the four conferences summarized in Figure 1 , Management of Pain (12), received abnormally low ratings from the panel following the conference. The second conference, Prostate Cancer (16), is more typical in that there were no features in the conference that were unusually good or bad. The third graph, Magnetic Resonance Imaging (19) , describes a conference where blocks of questions received similar, either positive or negative, ratings: the questions pertaining to the quality of evidence and the NIH staff received low ratings, while the panel rated their own work positively. The fourth conference, Early Melanoma (26), received glowing ratings from the panel in virtually all areas.
Seeking one overall measure of the quality of each conference, we simply calculated the average of the standard scores for each of the 37 questions by the conference panelists. Fifty-two CDCs had sufficient data to allow the calculation of this average. Figure 2 displays a rank ordering of the CDCs from best at the top to worst at the bottom, and graphs their value on this continuum of opinion from favorable to unfavorable. Figures 3, 4 , and 5 are similarly arranged.
In the overall distribution, four conferences stand apart at the most favorable end. Cystic Fibrosis (35) , Early Melanoma (26), Optimal Calcium Intake (30) , and Testing for Blood Transfusions (32) all have scores averaging better than one standard deviation above the mean (zero). Three more, Cochlear Implants (33), Antenatal Steroids (31), and Therapeutic Endoscopy (20) , also have highly favorable ratings. Three stand apart at the unfavorable end: Management of Pain, Dementing Diseases (15) , and Diet and Exercise in Diabetes (11).
Principal Conference Characteristics
To more carefully dissect the responses in a multidimensional way, a principal components factor analysis was undertaken. While NIH staff members have the benefit of examining profiles and trends in all 37 Likert Scale questions as well as reviewing the open-ended questions individually, no correlational analysis has heretofore been conducted. A factor analysis was performed on the structured questions to gain insight into the principal independent dimensions of process difference among the panels' views of consensus conferences. The resultant groupings of questions provide a basis to parsimoniously describe the principal separate characteristic ways in which individual CDCs differ and to examine these qualities for trends over time. They also provide a basis for selecting a few specific questions for a description of variability and change.
Several factor analyses were performed, rotating varying numbers of "factors" to hypothetically orthogonal structures, seeking solutions that made intuitive sense. The most interpretable solution, in our judgment, designates three principal ways in which consensus conferences vary. Within each group, several questions correlated well with one another but not with questions in other groupings. For this discussion, three groupings (factors) are labeled: (1) panel cohesiveness; (2) quality of evidence; and (3) NIH staff support.
The questions within each group are distinct but conceptually related. We analyze them in three ways: a) we average the responses within groups to compare the CDCs on the three principal characteristics; b) we examine the averaged characteristics for each year over a 14-year history of the program; and c) we examine each individual question for change over time in the ratings by successive panels. (For brevity in this paper, we present change over time for one representative question selected from each grouping.) Graphical displays that accompany these analyses are rank-order charts (Figures 3, 4 , and 5) and scatter-plots ( Figure 6) .
A question from the first group that represents the panel cohesiveness factor is: "To what extent do you feel the Panel worked together effectively in reviewing and discussing the evidence presented?" (Question 5b). Related questions in this grouping concern personal objectivity, academic discipline coverage, evaluative ability, division of labor, movement toward a group consensus, and the adequacy of their final synthesis of information. The second group of questions describes the adequacy, quality, and balance of the evidence presented by the experts invited to speak at the conference. Typical of these questions is: "To what extent were speaker presentations adequate preparation for the writing of the consensus statement in providing evidence from experimental studies with adequate controls?" (Question 3d). Related questions concerned the adequacy of epidemiologic data on morbidity and mortality, clinical trials, technologies involved, and balance of data from all sides of the issues. The third grouping included the question: "From your perspective, was the assistance from the NIH staff helpful in the following instances: during the consensus statement drafting session?" (Question 10c). Related questions reflected views of staff work in providing process briefings before the conference and staff helpfulness during the conference itself. (It should be noted that the panelists, engaged in an arduous task, may not have discerned any distinction between full-time NIH staff and support services contractor employees who are hired by the NIH for assistance on these occasions.) In the first conference characteristic, that of panel cohesiveness, an average was made for the response to eight questions pertaining to this factor (questions 4a through 4d and 5a through 5d). The ranked averages shown in Figure 3 indicate that the best conferences, Testing for Blood Transfusions (32), Early-Stage Breast Cancer (25), Optimal Calcium Intake (30) , and Early Melanoma (26) , are at the high end of a smooth scale of differences. The two worst conferences, Dementing Diseases (15) and Noise and Hearing Loss (22) separate out at the bottom. Note that Testing for Blood Transfusions, Optimal Calcium Intake, and Early Melanoma were also included in the overall favorable distribution and that Dementing Diseases was in the overall unfavorable grouping.
The questions most related to the factor of evidence (questions 3a through 3f ), were used to derive Figure 4 , a scale of the panels' ranked judgments on the quality of the evidence presented, from the best conference to the worst. In this ranking, the best quality of evidence was presented at the Cystic Fibrosis (35) and the Antenatal Steroids (31) conferences. Two conferences on breast cancer, Early Stage Breast Cancer (25) and Breast Cancer Screening (34), also were conducted with some of the best-rated evidence. The worst two conferences in this distribution were Management of Pain (12) and Dental Implants (18) . It can again be seen that Antenatal Steroids was also in the best overall group and that Management of Pain was the worst overall.
The third group of cognate questions includes six related to the performance of the NIH staff, (Questions 9A1, 9A2, 9A3, and 10A-C). Again, using a rank distribution of question averages for this characteristic, Figure 5 shows that the three top conferences are Early Melanoma, Optimal Calcium Intake, and Cystic Fibrosis. Seven received exceptionally low ratings based on this amalgam of questions: Management of Pain, Dementing Diseases, Magnetic Resonance Imaging (19), Analgesic Kidney Disease (8), Mood Disorders (7), Obesity (10), Diet and Exercise in Diabetes (11), and Geriatric Assessment (13) . These were all conferences held over 10 years ago. Again, there is some overlap, with conferences ranked high (Cystic Fibrosis, Early Melanoma, and Optimal Calcium intake) and low (Management of Pain, Dementing Diseases, and Diet and Exercise in Diabetes) based on the full questionnaire.
Changes Over Time
Although there is considerable variation between conferences, the three principal conference characteristics (panel cohesiveness, quality of evidence, and NIH staff support), as reflected in the panels' ratings, have all generally improved over time. Three scatter-graphs in Figure 6 include a simple linear model of these changes when the mean panel ratings are predicted from only the year in which the conference was held. The positive slope of the each line is statistically significant (each having p < .05).
There is more evaluative information to be gained in the change over time in response to each of the individual questions asked of the panelists. We used an industrial process control chart, called a Shewart chart, to observe the variation in successive panels' ratings of each of 37 aspects of the consensus process surveyed in our questionnaire (data not shown).
We determined control bounds of − + 2.5 standard errors. Conferences with points rising above the control band are exceptionally good, and those falling below raise the question "What went wrong?"
In panelists' ratings of their cohesiveness as a panel, no clear trend was seen except that all of the strongly negative ratings of how well panels worked together occurred prior to March 1990 (CDC 77). These included Dementing Diseases (15) , which rated poorly in several measures.
In a similar analysis of speaker presentations (or evidence) and how it varied over time, no panel rates the quality of evidence highly before the Colon Cancer (23) conference in 1990, after which the Early Stage Breast Cancer (25), Triglyceride and HDL (29) , Antenatal Steroids, and Cystic Fibrosis conferences are rated highly. Several panels rated the quality of evidence for several conferences to be poor (below the band) throughout the period until 1992. There are more positive ratings and fewer negative ratings of speaker presentations in recent conferences.
A striking trend in ratings of the helpfulness of NIH staff support was found. Before 1987, six conferences were below the lower band: Ultrasound Imaging (9), Analgesic Kidney Disease (8), Mood Disorders (7), Management of Pain (12), Dementing Diseases (15) , and MRI (19) . None was above the upper band in this period of time. After 1987, no conference was below the line but several were above: Therapeutic Endoscopy (20) , Early Stage Breast Cancer (25), Panic Disorder (24), Early Melanoma (26), Laparoscopic Cholecystectomy (27) , Impotence (28) , and Antenatal Steroids (31) . From this data it would appear that since about 1987, the NIH staff has been viewed overall more favorably by the panels. There seem to have been wider variations in the panel's estimate of the staff performance before this period, with several being clearly negative compared with the average.
Duration of the Statement-drafting Session
The late evening session has received a lot of discussion and criticism over the years (6;17;37) . Following the conclusion of formal presentations of evidence and final questions and answers from panelists and the audience, the panel moves into an executive session to draft the consensus statement. As described above, one survey question, not formatted like most of the others, addressed the panelists' perceptions of the duration of the afternoon/ evening writing session. We have not, unfortunately, recorded the actual hour when each panel concluded their writing task. For each conference, we determined the percentage of panelists who indicated the session was "much too long," "somewhat too long," "about right," or "not long enough." In the early conferences, more panels thought the session was "much too long." Yet, in two of the most recent four panels, 40% or more also indicated the writing session to be "much too long."
We do not fully understand how a panel's discomfort, staying up very late, affects the quality of their work. The percentage indicating the writing session went "too long" was not correlated with any of the other process ratings by the panel. While this was a major criticism of the program in the early years, the percentage of each panel indicating the writing session went "much too long" has declined over time. A linear model (not shown) predicting this percentage from the year of the CDC (similar to those shown in Figure 6 ) shows a wide scatter but a statistically significant decline ( p < .05).
DISCUSSION
Several points deserve emphasis. First, there is a strong pattern of consistency in the panelists' responses to the panel questionnaires. Deviations from this pattern are accentuated by the standard difference profile of each conference, as in Figure 2 , the second graph. The bars are not too positive or too negative. More interesting are some portions of the questionnaires for some conferences that are quite different from this average. However, the comparison of individual conferences with the typical response indicates a certain consistency in the panelists' perceptions of the conference, the conference goals, and the overall process.
Second, using the calculated standard difference profile, one can "grade" all the conferences in a continuum from those where the standard difference profile is all negative to those where it is all positive, the first being the "worst" conferences and the latter being the "best," at least from the panelists' perceptions. Using this comparison, for conferences where the questionnaires were comparable, the two conferences that are rated worst are Management of Pain, which occurred in 1986, and Dementing Diseases, which was held in 1987. The best conferences on this scale are Cystic Fibrosis (1997), Early Melanoma (1992), Optimal Calcium Intake (1994), Testing for Blood Transfusion (1995), Cochlear Implants (1995), Antenatal Steroids (1994), and Therapeutic Endoscopy (1989) .
Although it is difficult to be certain of the causes of these apparent dissimilarities in the panels' perceptions, some observations may be relevant. The two negatively perceived conferences on management of pain and on dementing diseases took place prior to substantial changes that were made in the NIH CDC process. Starting in 1988-89, more preconference organization was done to inform the panel chair and panel members about the process and the issues. The OMAR coordinators began to routinely visit the conference chairperson a month or two before the conference to familiarize the chair with the details of the process. Usually there are four to six principal specific questions the panel is asked to address. The panel chair was advised that to work effectively with a large panel, it is useful to divide the panel members into four or five subsections, with each subsection initially responsible for answering one of the questions. The chair is advised to assign a chairperson for each subsection. Each subsection would either meet in person or by phone conference to discuss the issues of their particular question and to arrive for an executive session the night before the conference, ready with a prepared outline of the issues and possible answers for that question. This procedure has definitely been instrumental in getting the panel and the panel chair up to speed on the issues and providing a framework for discussion on the night before the conference so that controversies and disagreements can be aired in advance of the final writing session.
Additionally, some reminiscent observations help to explain the bad ratings of two particular conferences. One OMAR conference coordinator who has been with the program since 1985 remembers the conference on management of pain as being one of the most contentious for several reasons. The original focus was meant to be on pain management by nurses and this was reflected in the title. The then-director of the NIH objected and changed the title to the Integrated Approach to the Management of Pain. There were six nurses on the panel, and this apparent change in focus away from nursing brought about an undue amount of dissension both among the planners and the panel members. During the conference on dementing diseases, there was much dissension between some of the panel members, including the panel chair, and the OMAR staff. Interchanges were not collegial. Additionally, after being up much of the night writing the final statement, an elevator carrying the entire panel to an executive session was stuck between floors for over 20 minutes. The totality of the experience was quite negative according to some of the OMAR staff and the panel chair.
The major thrust of this analysis has been the panelists' evaluation of several aspects of the NIH consensus conference process. It seems clear that several conferences fall out as being estimated either much worse than average-Management of Pain and Dementing Diseases-or much better than average-Cystic Fibrosis, Early Melanoma, Optimal Calcium Intake, and Antenatal Steroids-on multiple measures related to panel cohesiveness, quality of information presented, NIH staff support, and the overall attitude of the panel.
What are some possible reasons for the consistently positive rating of some conferences by their panelists? The Early Melanoma Conference was unique in many ways. A major issue was the lack of uniformity in the histopathologic nomenclature for early melanoma and related lesions. The planners convened a workshop ("workshop without walls") to address this issue. This workshop took place over a 2-year period before the conference with several meetings. The OMAR staff, OMAR's support services contractor, the principal staff from cosponsoring institutes (National Institute of Arthritis, Musculoskeletal, and Skin Diseases and the National Cancer Institute), and the panel chair (but not the panel) were all involved in all these preconference meetings and planning activities. We speculate that these extensive preconference activities helped those concerned become familiar with the issues and the CDC process, which led to more efficient and harmonious interactions during the actual conference.
The Antenatal Steroids Conference also had consistently high ratings by the panelists. This conference, cosponsored by the National Institute of Child Health and Human Development (NICHD), was based on a modification of our usual CDC process and had the panel meet several times before the final conference (3). The panel assumed a responsibility for preparing several background papers and a report that was presented at the consensus conference. Thus, a possible explanation for the positive responses from the panel is, similar to the Early Melanoma Conference, that they had met several times and were familiar with the issues and with each other. Yet other NICHD-sponsored CDCs, all of which are augmented with preconference panel meetings and data reviews, do not receive exceptional panel ratings, such as the Conference on Destructive Behaviors (21) . There is another possibility, however. The data presented at the Antenatal Steroids Conference were abundant, had recently been updated and subjected to a formal meta-analysis, and were of extremely high quality. We speculate that this may have been the key to the panel's positive responses to this conference. Following the recommendations of a recent internal examination of the NIH Consensus Program, a systematic review will be performed before each conference.
The Cystic Fibrosis Conference was also rated highly by the panelists, possibly also because of the high quality of the data presented. Additionally, the panel chairperson was experienced in that role, having served in a previous consensus conference, and the panel "met" by conference call a month before the conference.
The answers to the question regarding the duration of the late-night session are open to various interpretations. The answer "about right" could likely be interpreted as positive or favorable. As described in the results, this response was given inconsistently prior to 1989, after which it was given by most of the panels from 1989 through 1991 and then declined from 1991 to 1992; it grew again after 1992. As indicated, OMAR's newer procedures for preparing the panel chair and panel were begun in about 1988 and could be in part responsible for this more favorable change in panel ratings after 1989. Although we have no clear explanation for the apparent hiatus in 1991 to 1992, OMAR's conference support services contract was changing to a new company during that period, and impaired morale and performance may have disrupted the conference process more than was apparent at the time.
If one interprets the response "much too long" as "arduous," it is unfavorable; the conferences in which 50% or more of panelists answered this way were Management of Pain, Dementing Diseases, Neurofibromatosis (14) , and Laparoscopic Cholecystectomy. Management of Pain and Dementing Diseases have had negative marks on other measures as well. Among the conferences receiving the most favorable ratings, the "much too long" designation was not used by the Early Melanoma or Antenatal Steroids panels. Furthermore, panels' use of this designation has shown a statistically significant decline over time (not shown). It is difficult to place a value judgment on the response "not long enough." The most reasonable interpretation might be that "we could have done a better job with a little more time." It is not likely they would interpret this to mean that they would have liked to extend the time they worked past midnight. The proportion of panelists that choose this response is relatively small.
CONCLUSIONS
An analysis of NIH CDC panelists' responses to a questionnaire regarding the conference process reveals a generally consistent and favorable impression of the experience. However, several conferences deviate significantly from average and have been perceived quite negatively overall and on several factors (panel cohesiveness, quality of evidence presented, and NIH staff support) by panelists. By contrast, several conferences have been viewed quite positively on these factors. Most negatively viewed conferences occurred early in the 22-year history of the NIH CDP; more recent conferences receive improved ratings.
Relations among panelists and OMAR staff have generally been quite positive, especially in the past 10 years. During this period, we found that the panelists' perception of the late evening writing session was more favorable than it was previously-a somewhat unexpected result. This study provided a measure of what may be obvious-that dissension among panelists and OMAR staff will have a negative impact on the conference.
We conclude from this study that the preconference preparation of the panel chair and panel with regard to the conference issues and the process results in a better consensus conference. Some preconference process changes have already been adopted and are possible explanations for the generally positive changes in the perceptions of the panelists over time. OMAR has adopted new steps to strengthen preconference guidance of the panel, such as a more formalized systematic review, in the hope that this will further enhance the consensus outcome. The NIH has a 22-year history of conducting technology assessments in a public forum to promote timely improvements in healthcare and research directives. We clearly have done a better job with some assessments than with others, but, by frequent review, we think we continue to improve.
